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Increased Temperatures 
Increases in seasonal and annual average temperature in California will likely lead to changes in 
natural community composition and species interactions. Biological impacts such as changes in the 
timing of seasonal life-cycle events, food web disruptions, species migration, range shifts, and 
extinction risk are also expected to result. Many of these impacts have already been observed in the 
state. For example, as reported in the 2013 Indicators of Climate Change in California report1, the 
range of some conifer-dominated forests in the Sierra Nevada are shifting to higher elevations; in 
Yosemite National Park, distribution shifts of some mammal species populations have also been 
observed and these populations are being found at different elevations compared to the early 
1900s. Additionally, butterflies in the Central Valley have been appearing earlier than usual 
compared to the past four decades. In the marine region, warming temperatures and reduced 
upwelling in the oceans has affected the marine food web with negative impacts to auklet breeding 
and sea lion pup mortality. 

Increased temperatures have also led to declines in snowpack and changes in timing and amount of 
streamflow. Changing hydrologic regimes and increases in stream temperature may degrade 
aquatic and riparian habitat for many species. The coupled changes in temperature and 
precipitation will also result in conditions that are conducive to the spread of pathogens, parasites, 
diseases and invasive species, which will impact both aquatic and terrestrial ecosystems.  

Sea-Level Rise 
Accelerated sea-level rise may result in the loss of substantial areas of critical habitat for a variety 
of coastal species. Sea-level rise will also result in salt water intrusion into fresh water resources 
near the coast and reduce the amount of fresh water available for plants, wildlife, and competing 
agricultural and metropolitan uses. 

Precipitation Changes and Extreme Events 
Wildfire, flood, and drought are all projected to increase in frequency and severity due to climate 
change. The prolonged drought in California is already impacting many species; high temperatures 
and record low-flows have led to eighteen native fish species becoming at high risk of extinction, 
including delta smelt, most salmon runs, and several trout species (PPIC 20152). These conditions 
are consistent with what is expected from long-term climate change. 

Vulnerability Assessments for Fish, Wildlife, and Plants 
Several vulnerability assessments carried out in recent years have illuminated which species and 
habitats in California may be most vulnerable to the climate risks outlined above.  Freshwater fish 
in California3, bird species of special concern4, rare plants5, and California amphibians and reptiles6 

have all been the subject of climate vulnerability assessments.  

1 http://oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsReport2013.pdf 
2 ttp://www.ppic.org/main/publication_quick.asp?i=1160 
3 http://www.energy.ca.gov/2012publications/CEC-500-2012-028/CEC-500-2012-028.pdf 
4 Gardali T, Seavy NE, DiGaudio RT, Comrack LA (2012) A Climate Change Vulnerability Assessment of California's 
At-Risk Birds. PLoS ONE 7(3): e29507. doi:10.1371/journal.pone.0029507 2012. 
5 http://climate.calcommons.org/article/featured-project-vulnerability-assessment-rare-plants
6 http://www.dfg.ca.gov/wildlife/nongame/ 

25

http://oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsReport2013.pdf










https://www.wildlife.ca.gov/Conservation/Wetlands-Restoration
http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/Climate_College/




http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/




http://www.oehha.ca.gov/multimedia/epic/2013EnvIndicatorReport.html




 
 

 

 
 
 

 

  

 

  
 

 

 
 
 

 

   
 

 
 

  
 

 
  

 
 

  

 
 

 

 

 

 

Metrics to Measure Increased Resiliency of Natural Systems to Climate Change 

Equally important to detecting climate impacts to biological systems are efforts to monitor 
resiliency. Currently there is not a standard set or list of indicators to reference on this topic. The 
following paragraphs include a few potential metrics as well as considerations and questions that 
will need to be answered in order to develop a comprehensive set of metrics for adaptation success 
in this sector for state agencies. 

Increased resiliency is achieved through multiple phases. First, research, information sharing, and 
education efforts ensure that natural resources managers have the tools and knowledge required to 
plan for and ultimately implement adaptation actions. Armed with the necessary tools and 
information, management actions are developed and then turned into action on the ground. Only 
after climate adaptation actions are implemented on the landscape can we determine if our efforts 
along the way have been successful, and even then it will take time to tell. Indicators for a resilient 
landscape will likely be based on ecosystem function and health (see list of new indicators above). 
Declines in disease occurrence, low or stable mortality rates, and deceleration in the spread of 
invasive species are examples of what we might expect to see in a resilient ecosystem. The most 
appropriate measures of ecosystem function and health, and the necessary frequency of 
measurement, may need to be locally or regionally defined by bringing multiple organizations and 
expertise together. 

In the shorter term, we can evaluate other steps along the path to increased resiliency. For example, 
consider the overarching goals identified in Safeguarding California, such as increasing awareness 
of risks to biodiversity as well as adaptation options. Considering the actions identified above, 
possible metrics may include tracking climate change website visits (pre- and post-update), 
participation in outreach efforts such as public presentations, and overall awareness of the 
availability of guidance documents and other tools to support resource managers (e.g. through staff 
surveys). 

A next step would be to evaluate key planning and management efforts to assess how and if climate 
change is being included. This will likely require each agency to strategically identify key projects or 
programs for evaluation that can be traced back to educational materials or that can serve as some 
indicator of progress. Using an example from the previous section, after CEQA guidance has been 
developed, CDFW may choose to examine how climate change adaptation is addressed in CEQA 
review documents pre- and post-release of the guidance. There are likely many opportunities to 
look across various management efforts to check for an increase in the inclusion of climate change 
considerations. This however may take substantial resources to achieve. 

There is a pressing need to bring partners and stakeholders together to discuss monitoring and 
evaluating resiliency and to establish an approach for developing key metrics for the biodiversity 
and habitat sector.  
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including sea level rise, coastal flooding, and wildfires; less reliable hydropower resources; and 
increased peak electricity demand (Stoms et al., 2013; California Energy Commission, 2013).  

Electricity infrastructure is vulnerable to sea level rise along the coast. About 25 coastal power 
plants may be exposed to high water levels during what is considered a 100-year flood event, which 
would become more frequent with sea level rise. Prior research has shown that the increased 
frequency and severity of wildfires as a result of a warming climate will increase the risks of grid 
disruptions in our transmission lines. For example, hundreds of poles and lines were damaged and 
thousands of customers experienced outages as a result of the Butte and Valley fires in September 
2015.  

The 2015 Integrated Energy Policy Report (IEPR) included a preliminary peak electricity demand 
forecast that accounted for climate change. The forecast used climate scenarios developed for 
California by Scripps Institution of Oceanography for the Energy Commission based upon climate 
models used for the 2014 IPCC Assessment (IPCC, 2014). Higher projected annual maximum 
temperatures derived from the scenarios increased the statewide peak demand forecast by over 
600 MW in the mid demand case by 2026. Staff also derived projected changes in heating and 
cooling degree days from the scenarios, which affect electricity consumption. The impact on 
consumption was slight (around 60 GWh statewide in 2026) in the mid demand forecast, as heating 
degree days decreased at a much higher rate than cooling degree days increased. (Kavalec, 2015). 

Renewable energy technologies help mitigate climate change, but they can also be vulnerable to the 
impacts of climate change. For example, solar photovoltaic systems tend to be less efficient at 
higher temperatures.13 Projections for the Southwest suggest reductions of efficiency of the order 
0.7 to 1.7 percent with anticipated higher temperatures in 2050 (Bartos and Chester, 2015). 
Information on changes in the probability and location of occurrence of excessive heat in California 
due to climate change can help inform research on solar photovoltaic system performance on hot 
days. Similarly, additional studies on changes in the probability and location of changes in wind 
patterns in California due to climate change14 can help inform wind energy planning, forecasting, 
and integration as California increases the proportion of electricity generated from wind energy. 
Projections of changes in solar and wind regimes for the California region have not matured enough
yet to provide a clear picture of potential changes. A recent paper noted, for example, that wind 
performance depends not only on wind speed but also on the density of the air; unfortunately, there
are currently substantial uncertainties in the projections of both parameters (Bartos and Chester, 
2015). 

 

 

Natural Gas 
The natural gas system in the Bay Area, the Delta, and the California coast is vulnerable to potential 
impacts of an extreme storm event coupled with sea level rise on natural gas pipelines. A recent 
study led by University of California Berkeley used high-resolution hydrodynamical modeling to 
investigate the dynamic impacts of SLR, tides, and freshwater flows (Radke et al., 2015). The 

                                                             
13 http://energy.gov/eere/energybasics/articles/photovoltaic-cell-conversion-efficiency-basics  
14 http://iopscience.iop.org/1748-9326/6/2/024008/fulltext/  
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system is changing. However, some notable weather patterns are reflected in the length of the bars 
in the graph for particular weather-related sources of disturbances. As noted above, 2006 had an 
extreme heat wave, and heat waves caused a large fraction of the grid disturbances that year. 
Likewise, 2007 and 2008 were extremely bad years for wildfire, corresponding to larger than 
average number of grid disturbances. In contrast, 2009-2011 saw relatively small area burned and 
no fire-related outages. Regardless, it would be important to develop indicators of weather-related 
energy disturbances such as the one shown below to examine if the protective measures 
implemented for the energy system are effective.    

 

Data Source:  Energy Information Administration 

To develop meaningful indicators, it will be necessary to create a repository of information about 
future disturbances, while at the same time trying to examine the historical record to see how far in 
the past trends can be tracked. For example, it may be possible to extend the historical period 
before 2002 in the above figure if information is available from governmental and/or energy 
entities. 

 

0

1

2

3

4

5

6

7

8

9

10

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

N
um

be
r o

f I
nc

id
en

ts
 

Year 

 
Significant Weather-Related CA Grid Disturbances   

winter storm

wildfire

lightning

heat wave

windstorm





 
 

 

68 
 
 

 

There is also the Southwest Regional Climate Hub and California Subsidiary Hub Assessment of 
Climate Change Vulnerability and Adaptation and Mitigation Strategies (Elias et al., 2015).  The 
report addresses climate issues related to forests and agriculture, including specialty crops.  

 

 

 

 

 

Forest Conditions  
An undisputed fact is that wildland fires burn across landscapes without regard for political 
jurisdictions, property lines, governing laws, or land management goals.  Furthermore, with the 
increasing threat and prolonged impacts of four years of drought in California and expansive acres 
of insect and disease outbreaks, these realities have heightened the importance of implementing 
forest health projects for carbon sequestration and climate benefits.   

Both the United States Forest Service and CAL FIRE have collected forest land spatial data 
exhibiting the exponential increase in insect attack, disease, and moisture-stress related tree 
mortality.  These areas are more prone to high severity fire and the dead, decadent, and dying trees 
emit methane and lose carbon storage capacity.  The southern Sierra Nevada Region is entering an 
epidemic of pine bark beetles and fir engraver beetles.  Estimates in some areas are that 20 to 25 
percent of the pine trees are already dead or dying.  

The negative impact of GHG emission is exacerbated when landowners remove these trees to 
prevent disease spreading and reduce fire risk, but are then unable to convert the trees and 
biomass into long term-carbon storage as harvested wood products or bio-feedstock for electrical 
generation, heat energy, or other co-products (bio-char, landscape mulch, biofuel).  The lack of 
capacity to manage the biomass and trees for a higher value use results in this wood being left in 
the forest, and in many cases open-pile burned.  Both of these activities undermine the objectives of 
GHG emission reduction goals.  

When managing forested landscapes for GHG benefits, CAL FIRE, Air Resources Board, and the 
Natural Resources Agency are concerned about the increasing emissions of short-lived climate 
pollutants (SLCPs) associated with the growing number, size and severity of catastrophic wildfires. 
SLCPs are more recently recognized climate change drivers that remain in the atmosphere for a 
much shorter period of time than other targeted climate pollutants, mainly carbon dioxide (CO2); 
however, their potency, in terms of warming effect, is tens, hundreds, or even thousands of times 
greater than that of CO2.  They are responsible for about 40 percent or more of global warming 
experienced to date.  SLCPs relevant to forests include black carbon (soot) and methane (CH4), with 
about 64 percent of black carbon emissions sourced from wildfire.   Given this, the amount of black 
carbon can be significantly reduced by reducing the frequency of catastrophic wildfires.  Methane 
emissions can be reduced by removing the downed trees and biomass from the forest to avoid 
emissions from aerobic and anaerobic activity before or after a wildfire.  The worst option, from a 
GHG emissions perspective, is a no-treatment strategy. 

Increased Temperature and Extreme Events  
Temperature rise affects plant species behavior, including seed production, seedling establishment, 
growth and vigor. It also reduces moisture availability for plants, threatens seedling and plant 
survival, increases the risk of wildfire, and enhances the survival and spread of insects and possibly 
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